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ABSTRACT
This study was performed to determine the effects of antimicrobial factors on the growth of Escherichia coli O157: H7 in ground beef. Response
surface methodology design was used to determine the effects of temperature (10˚C, 15˚C, 20˚C), EDTA (5 mM, 25 mM, 45 mM) and acetic acid concentration (0.25%, 0.75%, 1.25%)on the growth of E. coli O157: H7 in ground beef treated with nisin (103 IU/g). A growth curve was fitted by using
nonlinear regression of the Gompertz equation, and growth parameters such as exponential growth rate (EGR), lag phase duration (LPD), generation
time (GT), and maximum population density (MPD) were obtained. The results indicated that the effects of temperature, EDTA and acetic acid were
significant to the responses of GT and LPD, with the effects of temperature being the most significant (p<0.01). However, a significant difference was
found only on the effect of acetic acid on the MPD model (p<0.05). The verified experiments were chosen from the larger or smaller values of responses on the contour plots. The experimental values were confirmed to the predicted conditions, indicating that the model could be used for predicting the
response of GT, LPD and MPD in the conditions of 15˚C,15 mM EDTA, 1.25 % HAc; 10˚C, 25 mM EDTA, 1.25 % HAc; 10˚C, 25 mM EDTA and 1
% HAc, respectively.
Key words: Escherichia coli O157: H7, RSM, nisin, ground beef

INTRODUCTION
In recent years, there have been widespread outbreaks
around the world of the enterohemorrhagic Escherichia coli
O157:H7 drawing much attention to this food-borne
pathogen. The first E. coli O157:H7 outbreak occurred in
1982(1). This pathogen can be transmitted via water and food.
The main infection pathway of this outbreak is food contaminated with E. coli O157:H7 and served undercooked (2).
Cattle are the nature host of this pathogen(3). In addition,
milk, hamburgers, cheese, yogurt, apple juice, water, raw
pork, raw beef, raw poultry, salad dressings, and vegetables
are the targets of being contaminated with E. coli O157:H7(46)
. Several toxins, including shiga-like toxin I and II, can be
generated by E. coli O157:H7. This pathogen is heat intolerant but resistant to frozen conditions(7). It does not grow well
at temperatures of 44~45.5˚C, but can grow between 30 and
42˚C. Its optimum growth temperature is 37˚C(8).
Several factors could affect E. coli O157:H7 growth in
food. Temperatures between 10~45˚C are suitable for some
selected E. coli growth according to Palumbo et al.(9) and the
toxigenic strains could produce verotoxin under such circumstances. The growth of E. coli O157:H7 in ground beef patties and raw pork spiked with 0.5% phosphate is significantly affected by temperature (P<0.05) according to Flores et
al.(10). In addition, the heat sensitivity of E. coli O157:H7 is
influenced by food storage conditions(11). Food preservatives
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have been shown the ability to inhibit pathogen growth.
Among the naturally occurring preservatives, the antimicrobial substances produced by Lactococcus have received great
attention by researchers. Nisin is a bacteriocin, which is a fermentation by-product of Lactococcus lactis subsp. lactis. It is
a good natural food preservative based on the following characteristics: it is easily degraded by pancrease in the intestine,
is non-toxic to animals, shows lethal and bacteriostatic activities against food-spoilage pathogens, is resistant to heat, and
exhibits pH stability(12). Fang and Lin(13-16) have reported that
psychrophilic gram-positive pathogens such as Listeria
monocytogenes, which can survive in foods treated with
modified atmosphere packaging, could be effectively inhibited by nisin. The application of nisin in foods with modified
atmosphere treatment could improve the safety of those
foods. So far, nisin has been approved as a food preservative
in many countries(17). However, its application to foods is
limited by two factors: its instability in bacteriostasis in the
food system and its inability to inhibit the growth of gramnegative pathogens. However, the former factor can be
improved by using an immobilization technique(18).
Organic acids are historically used to control microorganism growth and prevent food from spoilage. Organic
acids could be the end products of fermentation naturally
existing in food or additives artificially added to food(19).
Those organic acids used as food additives are weak acids
with a pK range between pH 3 and pH 5 and possess some
levels of buffer activity(20). These include acetic acid, propionic acid, lactic acid, sorbic acid, formic acid, citric acid, and
benzoic acid. They are all belonging to the category of GRAS
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food additives. It was reported by Cherrington et al.(22) that at
pH 5.0, propionic acid or formic acid is capable of reducing
the synthesis rate of RNA, DNA, protein, lipids, and the cell
walls of cultured E. coli. Vinegar composed of 5-10% acetic
acid (CH3COOH, Mw 60, pKa 4.75) or additives containing
25-80% synthesized acetic acid (or its sodium or calcium
salts) are commercially used as food additives. The antibacterial activity of acetic acid is mainly derived from its pHlowering ability. The un-dissociation form of acetic acid can
also contribute to this activity by permeating cell membranes
to induce the toxicity on the microorganism(20). Acetic acid
has demonstrated a better antibacterial ability than other
organic acids under the same pH conditions(22,23). Smulders
and Woolthuis(24) have proposed that using short-chain organic acids as decontaminating agents could effectively control
bacterial contamination. In those agents, acetic acid and lactic acid are used most often in red meat products. In the meat
industry, application of acetic acid for meat cleaning has been
accepted by the U.S. government.
Gram-negative pathogens are less affected by nisin due
to their cell wall structure. Combining with other treatments
could improve the inhibitory activity of nisin on gram-negative pathogens. Cutter and Siragusa(25) reported that nisin

together with chelators treatment exhibits a better population
reduction activity on gram-negative pathogens in culture
media. However, this combination is less effective when
applied to real food systems than performing in culture
media(26). Obviously, it is necessary to make a modification
when transferring this model system, which performs an
inhibitory activity in culture media, to a real food system.
Although E. coli O157:H7 outbreaks have not widely
occurred in the Republic of China, action to prevent food
pathogen contamination and reduce the incident of food-poisoning, needs to be carried out quickly.
In this study, the effect of some environmental factors
such as temperature, chelators, and organic acid on growth of
E. coli O157:H7 in ground beef in the presence of nisin was
investigated. Response surface methodology design was used
to determine the interactions among factors. A mathematics
model to describe the growth of E. coli O157:H7 in this system was intended to provide useful information for industry
to improve the quality of meat products and increase food
safety.

MATERIALS AND METHODS
I. Strain for Experiment

Table 1. Process variables and their levels in the three variables-three
levels response surface design
Independent
Symbol
Level
variables
Codeda
Uncoded
Codeda
Uncoded
IV. Temperature
X1
˚C
1
20
0
15
-1
10
mM
1
45
V. EDTA
X2
concentration
0
25
-1
5
%
1
1.25
VI. Acetic acid
X3
concentration
0
0.75
-1
0.25
a
Coded variable (-1, 1)=
Uncoded value ± 0.5 (high value+low value)
0.5 (high value–low value)

Escherichia coli O157: H7 ATCC 43894, which was
stored in 40% glycerol at -20˚C, was obtained from
Biotechnology Laboratory at National Chung Hsing
University. The strain was activated by pipeting 0.1 mL of
strain suspension to a 10-mL tryptic soy broth (TSB, Difco
Laboratories, Detroit, MI., USA) and cultured at 37˚C for 24
hr. After two consecutive transfers, one loop of strain was
then inoculated into a 50-mL TSB and cultured in a shaker
(shaking speed 150 rpm) at 37˚C for 12-13 hr. The strain to
be tested was thus prepared.
II. Sample Preparation
Raw beef was purchased from the Jiann-Gwo market in

Table 2. The treatment conditions of the experimental design for three variables-three levels response surface analysis
Coded valuea
Response value
Run
X1
X2
X3
Temperature (˚C)
EDTA (mM)
1
1
0
1
20
25
2
1
1
0
20
45
3
1
-1
0
20
5
4
1
0
-1
20
25
5
0
1
1
15
45
6
0
-1
1
15
5
7
0
1
-1
15
45
8
0
-1
-1
15
5
9
-1
0
1
10
25
10
-1
1
0
10
45
11
-1
-1
0
10
5
12
-1
0
-1
10
25
13
0
0
0
15
25
14
0
0
0
15
25
15
0
0
0
15
25
a
Coded value: X1, temperature (˚C); X2, EDTA concentration (mM); X3, acetic acid concentration (%).

HAc (%)
1.25
0.75
0.75
0.25
1.25
1.25
0.25
0.25
1.25
0.75
0.75
0.25
0.75
0.75
0.75
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Taichung, Taiwan, and stored at 4˚C immediately after shipping to the laboratory on the day of purchasing. The raw beef
was immersed into boiling water for 30 sec and then quickly
transferred to an aseptic platform. The denatured protein on
the meat surface was removed using a sterilized dissection
knife. The meat was then disinfected under UV light (60Watt germicidal bulbs, distance to meat: 51 cm) exposure for
20 min(26) and ground using an aseptic grinder. The ground
beef was packed into an aseptic bag and stored at -20˚C. Prior
to experiment, the ground beef was defrosted in a 25˚C
water-bath for 20 min.
III. Experimental Design
A central rotatable composite design with three variables-three levels response surface design (RSM) as shown
in Table 1 was used. The three variables were temperature,
EDTA, and acetic acid (HAc) and the central point was at (0,
0, 0). The process was carried out in triplicate for a total of 15
runs (Table 2).
IV. Experimental Procedure
Ground beef was divided into several parts of 5g each,
which were then inoculated with 0.2 mL of strain suspension
(bacteria count was about 2.5~5 × 105 CFU/mL), agitated
with a sterilized forceps, and spiked with 0.5 mL of different
concentrations of EDTA and HAc (pH 5.0) as shown in Table
2. The result samples with 15 experimental combinations
(Table 2) were then spiked with 103 IU/g nisin (Nisaplin, 106
International Unit/g, Aplin and Barrett co., Towbridge,
England), agitated with a sterilized forceps, packed into aseptic bags, and then cultured separately at 10, 15, and 20˚C. The
bacteria of each sample was counted periodically. Nisin was
prepared by dissolving 1 g Nisaplin in 10 mL of sterilized
HCl solution (pH 2) and filtered through a 0.45µm Millipore
membrane prior to sterilization. The above nisin solution (105
IU/g) was stored at 4˚C and prepared weekly.
(I) Bacteria Enumeration
Test samples added with 9-fold of 0.1% peptone water
each were placed into a sterilized grinding bag and then beaten at high-speed with a stomacher (Model 400, Seward
Medical, London, UK) for 2 min. After making a series dilution, a proper dilution was inoculated to a Fluorocult E. coli
O157: H7 Agar (Merck Co., Darmstadt, Germany) using a
spiral plater spreading (model DU2, Spiral Biotechnology,
USA). The bacteria count (expressed as CFU/g) was determined after being cultured at 37˚C for 18~24 hr. The pH
value of samples with a 10-fold dilution was also measured
using a Hanna HI 8417 pH meter (Italy).
(II) Data Analysis
The following growth parameters of E. coli O157: H7
were used as responses under different experimental condi-

Table 3. GT, LPD and MPD of E. coli O157: H7 under different treatment conditions
Run
X1a
X2a
X3a
GTb
LPDb
MPDb
1
1
0
1
3.19
7.67
9.46
2
1
1
0
3.97
41.35
10.06
3
1
-1
0
3.13
2.87
10.90
4
1
0
-1
3.00
6.75
9.93
5
0
1
1
7.28
140.58
8.95
6
0
-1
1
4.23
39.91
9.24
7
0
1
-1
5.10
25.81
10.74
8
0
-1
-1
3.57
8.04
9.57
9
-1
0
1
10.39
125.12
8.91
10
-1
1
0
9.89
150.35
10.03
11
-1
-1
0
3.90
91.02
9.14
12
-1
0
-1
5.94
63.62
10.19
13
0
0
0
5.60
32.85
10.18
14
0
0
0
6.11
23.52
10.14
15
0
0
0
5.90
30.12
10.42
a
X1,temperature (˚C); X2, EDTA concentration (mM); X3, acetic acid
concentration (%).
b
GT, generation time; LPD, lag phase duration; MPD, maximum population density.

tions: exponential growth rate (EGR), lag phase duration
(LPD), generation time (GT), and maximum population density (MPD). The growth curve was plotted using SigmaPlot
software (version 3.0, MicroSoft Inc., USA) and fitted by a
non-liner regression of Gompertz equation(27). The following
three variables-quadric polynomial was calculated using a
process of Response Surface Regression (RSREG), a function in SASTM R6.12 software.
Y=a 0 + a 1 X 1 + a 2 X 2 + a 3 X 3 + a 1 2 X 1 X 2 + a 1 3 X 1 X 3 +
a23X2X3+a11X12+a22X22+a33X32
Where X1, X2, and X3 are temperature, EDTA concentration, and acetic acid concentration, respectively, and a1, a2, a3,
a12, a13, a23, a11, a22, and a33 are constants. Optimization of
above polynomial was studied using Surfer-Surface Mapping
system (Version 5.0, Golden Software Inc., USA) software.
(III) Validation
The validation experiments were chosen from responses
with larger or smaller values on the contour plots. The student t-test was used to analyze the difference between experimental and predicted values on the basis of 5% reliable
level, to ensure if the established model was satisfactory. The
following conditions were chosen to perform the validation
experiments to predict the responses of GT, LPD, and MPD,
respectively: 15˚C, 15 mM EDTA, and 1.25% acetic acid;
10˚C, 25 mM EDTA, and 1.25% acetic acid; and 10˚C, 25
mM EDTA, and 1% acetic acid. Each experiment was carried
out 5 times for increased accuracy. A validation analysis with
a t-value lower than 2.78 was considered as a satisfactory
model. The value 2.78 was obtained from t-test table: t(4, 0.05).

RESULTS AND DISCUSSION
I. Response Surface Analysis
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Table 4. Analysis of variance for the effect of treatment variables as a
linear, quadratic and interactions (cross product) term on the growth
parameters of E. coli O157: H7
Sum of squarea
Source
dfb
GTb
LPDb
MPDb
Linear
3
59.39**
28664**
3.29**
Quadratic
3
0.98
3289.98
1.29
Crossproduct
3
11.44*
2391.77
0.27
Total regress
9
71.81**
34346*
4.85*
Lack of fit
3
2.64
1084.26
0.54
Pure error
2
0.13
46.03
0.05
Total error
5
2.77
1130.29
0.59
% Variability
96.29
96.81
89.19
explained (R2)
a
Significant at *5% level and **1% level.
b
df, degree of freedom; GT, generation time; LPD, lag phase duration;
MPD, maximum population density.
Table 5. Analysis of table for the significance of the effect of various
treatments on the growth parameters of E. coli O157: H7
Various treatments
Sum of squarea
dfb
GTb
LPDb
MPDb
Temperature (X1)
4
46.58**
19661**
0.70
4
20.51*
8261.57*
2.00
EDTA (X2)
HAc (X3)
4
12.15*
8034.66*
3.41*
a
Significant at *5% level and **1% level.
b
df, degree of freedom; GT, generation time; LPD, lag phase duration;
MPD, maximum population density.

The growth parameters including EGR, LPD, GT, and
MPD were determined (Table 3) using a non-linear regression of Gompertz equation to fit the growth curve of E. coli
O157:H7 after 15 test runs. Results (Table 3) showed that the
inhibition ability of nisin was raised (increasing EGR) by
increasing the chelator concentration. Cutter and Siragusa(25)
have reported that addition of chelator in culture media could
give a better inhibition activity on gram-negative pathogens.
ANOVA analysis tables (Table 4 and 5) and regression coefficients of the second order polynomials (Table 6) were
obtained using SAS software to perform the regression
analysis of growth parameters. The regression coefficients
(R2) of GT, LPD, and MPD were found to be 96.29, 96.81,
and 89.19%, respectively (Table 4), indicating the Gompertz
equation fits well to the model of a microbial growth curve
established in this study. There was no significant difference
(p > 0.05) in lack of fit among GT, LPD, and MPD, showing
the fitting between the above parameters and established
model is satisfactory and suggesting that the established
model could be further explored using a second order polynomials plotting. The parameter of EGR was not further discussed since it showed a significant difference (p < 0.05) in
lack of fit (data not shown). The linear and crossproduct
items showed a significant difference in the GT model (Table
4), indicating not only the GT of E. coli O157:H7 was affected by a single treatment variable but also showing that interactions do exist between variables. Results in Table 5 demonstrate that GT was the most affected by temperature (p <
0.01) followed by EDTA and acetic acid concentrations (p <
0.05).

(A)

(B)

(C)

Figure 1. The contour plots for generation time of E. coli O157: H7 at
acetic acid concentration of 0.25% (A), 0.75% (B) and 1.25% (C).

II. Generation Time (GT) Model
The contour plots for generation time of E. coli
O157:H7 are shown in Figure 1. Results showed that the GT
is reduced with increasing temperature and EDTA concentration, especially with the existence of a high concentration of
acetic acid. Some valuable information can be interpreted
from these contour plots. To take the experimental combination involving 1.25% acetic acid (X3 = 1) as an example, a
combination of temperatures higher than 15˚C (temperature
code = 0) and EDTA concentrations ranging from 5 to 25
mM (EDTA concentration code = -1~0) would result in a
shorter GT. Therefore, this combination is not suggested as a
good model for further study. A combination of temperatures
less than 12˚C (temperature code = -0.6) and EDTA concentrations in the range of 25~45 mM (EDTA code = 0~1) is recommended as more suitable to prolong GT.
III. Lag Phase Duration (LPD) Model
ANOVA analysis for the effect of treatment variables as
linear, quadratic and interactions on growth parameters of E.
coli O157:H7 is shown in Table 4. A significant difference on
linear analysis was found; while no interaction or marginal
interactions among variables were observed. Table 5 lists the
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Figure 2. The contour plots for lag phase duration of E. coli O157: H7
at acetic acid concentration of 0.25% (A), 0.75% (B) and 1.25% (C).

Figure 3. The contour plots for maximum population density of E. coli
O157: H7 at 10˚C(A), 15˚C (B) and 20˚C(C).

effect of various treatments on growth parameters of E. coli
O157:H7. Both GT and LPD were significantly affected by
the treatments of temperature, EDTA, and acetic acid. The
contour plots for LPD from the data listed in Table 6 at various concentrations of acetic acid are shown in Figure 2,
which reveals LPD is decreased by reducing EDTA concentration and increasing storage temperature. According to the
plots, at 0.25% acetic acid, a combination of the EDTA concentrations lower than 25 mM (EDTA concentration code =
0) and the storage temperature higher than 15˚C (temperature
code = 0) is not suggested for increasing LPD. The following
conditions could achieve up to 2 days of LPD: 1.25% acetic
acid, temperature lower than 12˚C (temperature code = -0.6),
and EDTA concentration ranging from 30 to 45 mM (EDTA
concentration code = 0.85~1.25); or 0.75% acetic acid, temperature lower than 12˚C (temperature code = -0.6), and
EDTA concentration at 10~45 mM (EDTA concentration
code = -0.8~1.0).

that a minimum MPD exists at temperatures of 10, 15, and
20˚C. Although some interactions between EDTA and acetic
acid concentrations are observed, these interactions are not
significant based on the statistical data in Table 4. To minimize MPD, a combination of EDTA concentration less than
15 mM (EDTA concentration code = -0.5), 1% acetic acid
(acetic acid concentration code = 0.5), and storage temperature at 20˚C should be avoided. A better result could be
obtained as using a combination of acetic acid concentration
less than 0.4% (HAc concentration code = -0.7) or higher
than 0.6% (HAc concentration code = -0.3) together with an
EDTA concentration less than 10 mM (EDTA concentration
code = -0.75) and storage temperature at 10˚C, or using a
combination of acetic acid concentration higher than 1%
(HAc concentration code = 0.5) accompanied with EDTA
concentration less than 20 mM (EDTA concentration code =
-0.25) and storage temperature at 10˚C.
Acetic acid is the only significant parameter in the MPD
model because it possesses antibacterial activity; while the
temperature effect in this model is obscured. However, in
other models, the significance of acetic acid is hidden by
temperature. In this study, MPD was in the range of 108~1011
CFU/g. According to a study on Staphylococcus aureus
reported by Buchanan et al.(23), MPD is hardly affected by
some parameters such as temperature, pH or water activity.
The same result was also observed by other related studies(29-

IV. Maximum Population Density (MPD) Model
Results of ANOVA analysis showed that the linear term
and acetic acid significantly affect the growth of E. coli
O157:H7 (Table 4 and 5). Temperature was found to have the
least significance on MPD among the three treatment parameters. The contour plots for MPD in Figure 3 demonstrate
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Table 6. Regression coefficient of the second order polynomials
between the indicated response and independent variables of E. coli
O157: H7 affected by temperature, EDTA concentration and acetic acid
concentration
Coefficienta
GTb
LPDb
MPDb
ao
5.92**
31.20*
10.20**
-2.10**
-46.43**
0.26
a1
1.38**
27.45**
0.44*
a2
0.94*
23.93*
-0.55*
a3
-0.08
20.01
0.01
a11
-1.29*
-5.21
-0.01
a21
-0.58
21.96*
-0.21
a22
-1.06*
-15.14
0.20
a31
0.37
25.12
-0.23
a32
a33
-0.25
-2.20
-0.54*
a
Subscripts of coefficients indicated: 1 = temperature; 2 = EDTA; 3 =
HAc.
b
Significant at *5% level and **1% level.
Table 7. The result of verified experiments for the predicted model
Parameter
Ta
p>{T}
Generation time (GT)
0.3310
0.7572
Lag phase duration (LPD)
1.4766
0.2138
Maximum population
1.4856
0.2116
density (MPD)
a
n =5, t (4,0.05)=2.78.
33)

. In general, MPD should remain constant except for cases
with a wide range of treatment parameters.
The results in this study indicated that the effects of temperature and EDTA concentration are significant (p < 0.01) to
the responses of GT and LPD; while the effect of acetic acid
concentration is significant (p < 0.05) to all responses. In
application, the treatment parameters in the responses of GT
and LPD are more important than MPD. Thus, the effect of
acetic acid concentration in the responses of GT and LPD is
less important as compared to the temperature effect.
Obviously, temperature effect can have a tremendous influence on microbial growth. Based on this reason, many studies on the effect of temperature on microbial growth have
been well-documented(34-36). However, the effect of temperature at some definite ranges could possibly obscure the effect
of other parameters. The results in this study showed that a
condition at a lower temperatures together with using higher
EDTA and acetic acid concentrations could increase the
responses of GT and LPD. It has been reported that using
lower temperatures could retard the growth rate (27,37,38). This
is in accordance with the results of our study. The bacteriostatic activity of nisin on gram-negative pathogens can be
improved by using nisin together with chelators. The bacteria
count can be further minimized as increasing the concentrations of nisin and chelators at lower pH condition(25,26,39,40,41).
EDTA has been found to be the best chelator to achieve the
above purpose as compared to phosphate and sodium citrate(39,40).
V. Validation
The larger or smaller values of responses on the contour

plots were selected to perform the validation analysis.
Analytical results are shown in Table 7. The t values of GT,
LPD, and MPD were 0.3310, 1.4766, and 1.4856, respectively. They are all less than a significant value of 2.78, indicating the model could be used to predict the responses of GT,
LPD, and MPD in the conditions of 15˚C, 15 mM EDTA, and
1.25% acetic acid; 10˚C, 25 mM EDTA, and 1.25% acetic
acid; and 10˚C, 25 mM EDTA, and 1% acetic acid, respectively.

CONCLUSIONS
This study was performed using response surface
methodology to determine the effect of chelator, organic
acid, and storage temperature on growth of Escherichia coli
O157:H7 in existence of nisin (103 IU/g). Results showed the
effects of temperature, EDTA, and acetic acid are significant
to the responses of GT and LPD, in which temperature effect
was the most significant (p < 0.01). However, acetic acid was
the only parameter which significantly affected the MPD
model (p < 0.05). Chelators could provide a synergistic effect
to nisin on inhibition of gram-negative pathogens. The validation analysis was carried out using the larger or smaller
values of responses on the contour plots. The results showed
the experiment data fits well with predicted data, indicating
the model could be used to predict the responses of GT, LPD,
and MPD in the conditions of 15˚C, 15 mM EDTA, and
1.25% acetic acid; 10˚C, 25 mM EDTA, and 1.25% acetic
acid; and 10˚C, 25 mM EDTA, and 1% acetic acid, respectively.
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以反應曲面模式探討於乳酸鏈球菌素存在下大腸桿菌
O157:H7 於絞牛肉系統中受螯合劑、
有機酸及貯存溫度之影響
方
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摘

要

本研究係利用反應曲面法探討螯合劑、有機酸及貯存溫度等抑菌因子對 E. coli O157:H7 於乳酸鏈球菌
素存在下之絞牛肉系統中生長之影響。實驗因子及層階分別為貯存溫度（10˚C 、 15˚C 、 20˚C）、乙二酸四乙
酸（Ethylenediaminetetra-acetic acid, EDTA）（5 mM 、 25 mM 、 45 mM）及醋酸（0.25%、 0.75%、
1.25%），乳酸鏈球菌素濃度為 103 IU/g 。生長參數如對數生長速率、繼代時間、遲滯時間及最大菌數等乃利
用生長曲線套用 Gompertz 方程式後所得。結果顯示溫度、 EDTA 濃度及醋酸濃度對繼代時間與遲滯時間均有
顯著性影響，且以溫度之影響最為顯著（p<0.01）；而最大菌數模式中，僅有醋酸對其具顯著性影響。選用
等性狀圖形中較大或較小反應性狀值之組合進行驗證，結果顯示與預測結果相符，顯示本研究所得繼代時間
模式可適當描述 E. coli O157: H7 於 15˚C ， 15 mM EDTA 及 1.25%醋酸中之生長；遲滯時間模式可適當描述
該菌於 10˚C ， 25 mM EDTA 及 1.25%醋酸中之生長；而最大菌數模式則可描述 E. coli O157: H7 於 10˚C ， 25
mM EDTA 及 1%醋酸環境下之生長。
關鍵詞：大腸桿菌 O157:H7 、反應曲面法、乳酸鏈球菌素、絞牛肉

